most thoroughly studied markers of DNA oxidation is the guanine modifi cation 8-oxo-7,8-dihydro-2 ' -deoxyguanosine (8-oxodG). 8-oxodG and the RNA ribonucleoside counterpart are excreted in urine and represent rate estimates of the DNA and RNA oxidation in an intact organism [13].
Introduction
Previous studies have demonstrated a strong association between chronic infl ammation and increased risk of diseases such as cancer and cardiovascular disease [1 -5] . One suggested link between infl ammation and human disease is the increased production of free radicals at the site of infl ammation and the resulting molecular changes, including DNA oxidation.
Several lines of evidence suggest an association between infl ammation and DNA oxidation [6 -8] and some studies have found positive associations between markers of DNA oxidation and infl ammatory markers in peripheral blood [9 -12] . One of the low-grade infl ammation, refl ected in high levels within the normal range of serum C-reactive protein (CRP) as well as interleukin-6 (IL-6) in peripheral blood.
Materials and methods

Study population
InCHIANTI (Invecchiare in Chianti, ageing in the Chianti area) is an epidemiological study of risk factors contributing to the declining ability to walk in late life. The study was performed in two small towns located in Tuscany (Italy): Greve in Chianti and Bagno a Ripoli, between September 1998 and April 2000. The design and data collection methods of InCHIANTI are described in detail elsewhere [14] . One thousand two hundred and seventy persons 65 years or older were randomly selected from the population. Of these, 220 subjects were included in the present study. One hundred and ten cases were selected from the top tertile of both serum CRP and IL-6 and were matched by age and sex with 110 controls found in the lowest tertile of serum IL-6 and CRP. For four cases and fi ve controls the remaining urine volume was insuffi cient and these nine subjects were not included in the analyses.
Participants received an extensive description of the study and participated after providing written informed consent. The Italian National Institute of Research and Care on Ageing Ethical Committee approved the study protocol, which complied with the principles stated in the Declaration of Helsinki.
Measures
Fasting blood samples were drawn using standardized conditions. Samples were stored at -80 ° C. Highsensitivity C-reactive protein was measured in duplicate using an enzyme-linked immunosorbent assay (ELISA) and colourimetric competitive immunoassay that uses purifi ed protein and polyclonal anti-C-reactive protein antibodies. Levels of IL-6 were assessed using ELISA with ultrasensitive commercial kits (Human Ultrasensitive, BIOSOURCE International Inc, Camarillo, CA). Besides CRP and IL-6, the following infl ammatory markers in peripheral blood were analysed: Fibrinogen, interleukin-1 β (IL-1 β ), interleukin-1 receptor antagonist (IL-1RA), interleukin-6 receptor (IL-6R), and tumour necrosis factor-alpha (TNF α ). To account for the possible confounding effect of iron status, markers of iron status in serum (iron, haematocrit, haemoglobin, ferritin and soluble transferrin receptor (sTfR)) were analysed as well. Measurement of the supplementary infl ammatory markers and markers of iron status are described in detail elsewhere [15, 16] .
Twenty-four-hour urine samples were assayed for the oxidatively modifi ed nucleosides 8-oxodG and 8-oxoGuo using high-performance liquid chromatography-tandem mass spectrometry (HPLC MS/MS). Chromatographic separation was performed on a Perkin Elmer Series 200 HPLC equipped with two pumps, autosampler, solvent cabinet and vacuum degasser (Perkin Elmer, Norwalk, CT). The column used was a Phenomenex Prodigy ODS HPLC column (100 ϫ 2 mm, 3 μ ) protected with a C18 (ODS) guard column (4 ϫ 2 mm), both obtained from Phenomenex (Torrance, CA). The mass spectrometric detection was performed on an API 3000 triple quadrupole mass spectrometer (Sciex, Toronto, Canada) equipped with a turboionspray source (Turbospray). Details of the analysis are described elsewhere [17] .
Completeness of urine collection was evaluated using 24-h urinary creatinine excretion. Subjects with urinary creatinine level Ͻ 6 mmol/day plus total urine volume Ͻ 1000 mL/day or with a urinary creatinine level Ͻ 5 mmol/day were identifi ed as having incomplete urine [18] .
Statistical analysis
The distribution of basic characteristics, infl ammation markers and markers of iron status and nucleic acid oxidation was evaluated for the cases and controls by median and inter-quartile range for continuous variables and by frequency and within-group percentage for categorical variables. Statistical signifi cance of the differences between cases and controls was assessed by the p -value of a Mann-Whitney test for continuous variables and of a chi-squared test for categorical variables.
The association between nucleic acid oxidation and infl ammation status was assessed in a conditional logistic regression model to account for the matching on sex and age and effect estimates were furthermore adjusted for body weight and height, iron concentration and smoking status. Additionally, for each of the matching variables, the covariates interaction with nucleic acid oxidation was investigated in the conditional logistic regression model.
The association between the numerical values of the nucleic acid oxidation and the various infl ammation markers and iron status markers was assessed by the regression coeffi cient of a multivariate regression analysis. The Spearman rank correlation coeffi cient was calculated to assess the association between ferritin and urinary 8-oxodG and 8-oxoGuo concentrations and the association between urinary 8-oxodG and 8-oxoGuo. To adjust for multiple testing we controlled for the false discovery rate at 5% [19] . All statistical analyses were performed using the SAS software version 9.1 (SAS Institute Inc. Cary, NC). Statistical signifi cance was defi ned as p Ͻ 0.05.
Infl ammation, iron status and nucleic acid oxidation
Results
The basic characteristics of the study population are shown in Table I . Smoking status and body weight differed signifi cantly between cases and controls. Control subjects had higher body weight and a higher proportion of cases were smokers. Cases had significantly lower levels of iron and signifi cantly higher levels of soluble transferrin receptor than controls.
Using urinary creatinine to identify incomplete 24-h urine collection, no difference in completeness of 24-h urine collection was found between cases and controls (10% vs 14% incomplete, respectively, p ϭ 0.30).
We found no statistical signifi cant difference in the excretion of 8-oxodG and 8-oxoGuo between cases and controls, regardless of adjustment for weight (Table I) , although analysis of unadjusted data showed a tendency towards higher excretion of 8-oxodG ( p ϭ 0.09) in controls. Table II shows the results of the logistic regression analysis of the case-control data, where the excretion of nucleic acid oxidation markers were adjusted for gender, age, body weight, height, iron concentration and smoking status. The adjusted analysis confi rms our results of the unadjusted analysis, revealing no difference in the excretion of 8-oxodG and 8-oxoGuo between cases and controls. None of the variables sex, age, smoking status, iron status, body weight and height showed signifi cant interaction with nucleic acid oxidation (data not shown).
Multivariable linear regression analysis of the nucleic acid oxidation variables on various infl ammation markers (Table III) showed signifi cant association between 8-oxoGuo (nmol/24 h) and TNF-α ( p ϭ 0.02), but when expressed per body weight and/ or corrected for multiple testing this was not significant. No signifi cant association was found between nucleic acid oxidation and any of the other infl ammatory markers.
Multivariable linear regression analysis of the nucleic acid oxidation variables on iron status markers (Table IV) revealed signifi cant association between nucleic acid oxidation and iron, ferritin and soluble transferrin receptor concentration. A highly significant positive association between ferritin and nucleic The association of each of four nucleic acid oxidation evaluations (8-oxodG and 8-oxoGuo both unadjusted and per kg of body weight, each represented as categorical variables with its tertiles as categories) with high infl ammation status (case). An odds ratio greater than 1 indicates greater probability of being case. a The analysis is matched on sex and age and furthermore adjusted for body weight and height and iron concentration (all dichotomised at the median) and smoking status. b Wald Chi-squared test for the overall signifi cance of the nucleic acid oxidation variables. acid oxidation markers was shown (all nucleic acid oxidation variables, p Ͻ 0.0001), with the Spearman rank correlation coeffi cient being 0.46 and 0.37 for 8-oxodG (nmol/24 h) and 8-oxoGuo (nmol/24 h), respectively ( Figures 1 and 2 ). 8-oxodG was significantly associated with iron (8-oxodG (nmol/24 h), p ϭ 0.0003 and 8-oxodG (nmol/kg/24 h), P ϭ 0.0006), and a signifi cant association between iron and 8-oxoGuo (nmol/24 h) was shown ( p ϭ 0.01). An inverse association between the RNA oxidation marker 8-oxoGuo and soluble TfR was observed (8-oxoGuo (nmol/24 h), p ϭ 0.01 and 8-oxoGuo (nmol/kg/24 h), p ϭ 0.02). In addition, we found signifi cant associations between 8-oxoGuo (nmol/kg/ 24 h) and iron, 8-oxodG (nmol/24 h and nmol/kg/ 24 h) and haemoglobin and a signifi cant inverse association between 8-oxodG (nmol/24 h) and sTfR, but when corrected for multiple testing these associations were no longer signifi cant. The two nucleic acid oxidation markers 8-oxodG and 8-oxoGuo were shown to be closely correlated ( p Ͻ 0.0001), with the Spearman rank correlation coeffi cient being 0.68.
Discussion
No association between infl ammation and urinary markers of nucleic acid oxidation was shown in this study on normal elderly people, with infl ammatory markers within the normal range. This is not in accordance with the general perception that infl ammation and oxidative stress are inseparable phenomena [20 -24] and indicates that a threshold of infl ammation must be reached before an association between infl ammation and urinary markers of nucleic acid oxidation is seen.
Studies of the association between urinary 8-oxodG and infl ammation are inconclusive [10, 11, 25, 26] .
Studies using different methodological approaches have shown results that are in agreement with ours. Two studies of the relationship between Helicobacter pylori infection and urinary 8-oxodG did not show association between infl ammation and 8-oxodG. In a study of children aged 5 -18 years, Siomek et al. [25] did not fi nd a difference in urinary 8-oxodG (HPLC/ GC/MS) between the tree study groups: Control group ( n ϭ 20), gastritis with H. pylori infection ( n ϭ 23) and gastritis without H. pylori infection ( n ϭ 20). Shimizu et al. [26] could not fi nd an association between the degree of infl ammatory cell infi ltration and the level of urinary 8-oxodG (ELISA) in 15 children and 13 parents suffering from H. pylori infection.
Other studies have shown results that are more in accordance with the generally accepted understanding of the relationship between oxidative stress and infl ammation.
Sakano et al. [11] found a signifi cant positive association between urinary 8-oxodG (ELISA) and CRP in females ( p ϭ 0.006), but not in males ( p ϭ 0.595) or in the whole study group ( p ϭ 0.067) in 677 healthy Japanese people aged 20 -67 years. Crohns et al. [10] reported signifi cant positive associations between urinary 8-oxodG (HPLC/GC/MS) and CRP in a study group consisting of 36 non-cancer controls (aged 18 -75 years) and 65 lung cancer patients (aged 48 -83 years). The correlation between urinary 8-oxodG and CRP was signifi cant in the lung cancer group ( p ϭ 0.016) but not in the whole study group ( p ϭ 0.06) and the correlation in the control group was not mentioned in the work by Crohns et al. The discordance between these fi ndings of positive associations between urinary 8-oxodG and infl ammation and our results can be explained in several ways: The positive association between urinary 8-oxodG and CRP was only found in sub-groups. When looking at the association in the whole study group, there was actually no discordance between our study and the studies by Sakano et al. [11] and Crohns et al. [10] , since no signifi cant associations were found here.
Different methodological approaches could account for some inconsistency. Sakano et al. [11] used ELISA for the determination of 8-oxodG. ELISA is less specifi c than HPLC and the ELISA kit may be a The analysis is adjusted for age, body weight and height and iron concentration (all continuously valued), sex and smoking status. b T -test for the signifi cance of the regression coeffi cient. To control for the false discovery rate at 5%, p -values lower than 0.0016 are considered signifi cant. CRP, C-reactive protein; IL-6, Interleukin-6; IL-1␤ , Interleukin-1␤; IL-1RA, Interleukin-1 receptor antagonist; IL-6R, Interleukin-6 receptor; IL-18, Interleukin-18; TNF ␣, Tumour necrosis factor-alpha; cross-reactive towards other compounds. The collection of urine was different in the studies. In our study we used 24-h collection, while Crohns et al. [10] and Sakano et al. [11] used collection for shorter periods normalized to creatinine concentration. The population in the study by Crohns et al. [10] consisted of lung cancer patients. Controls were patients referred for bronchoscopy due to prolonged cough, who had several pathological conditions including acute and chronic infl ammation, whereas our study population were primarily healthy subjects. A comparison between patients (with or without cancer) and primarily healthy subjects is problematic, as different levels of infl ammation and nucleic acid oxidation and repair are expected. In this case, possible explanations for the difference in results could be that an association may only hold for ' ill ' patients (or ' ill ' vs ' healthy ' ) or that the range of nucleic acid oxidation and infl ammatory markers in our study of healthy subjects is too small and any association is masked by natural variation.
Further studies are needed to examine the impact of higher levels of infl ammation on urinary markers of nucleic acid oxidation.
Some limitations of our study should be noted. First, the size of our study population is limited to 220 persons, which could result in too little statistical power to detect small differences. Our study had 80% power to detect an effect size of 0.35, refl ecting a small-to-medium difference. Second, only elderly people were included in our study population. This makes it diffi cult to extrapolate our results to the population in general. Differences in morbidity, hormonal status, etc., between young and older people could have an impact on the relationship between oxidative stress and infl ammation. One interpretation of our results is that urinary 8-oxodG does not refl ect infl ammation at all, but, considering the substantial evidence of an association between oxidative stress and infl ammation, we suggest another explanation. As urinary 8-oxodG refl ects whole body DNA oxidation, it is possible that the small variability at low-grade infl ammation leads to a lack of association. The substantial inter-individual variability in the urinary excretion of 8-oxodG [27] makes it likely that a small contribution of nucleic acids oxidation resulting from low-grade infl ammation is masked by the overall variation and that a signifi cant association is seen only at a greater infl ammatory burden, resulting in higher levels of infl ammatory markers in blood.
The relationship between chronic infl ammation and iron status is well described [28] and studies indicate that body iron storage is an important determinant of oxidative damage to DNA [29] . To control our analysis for the possible confounding effect of iron status on nucleic acid oxidation, our analyses were adjusted for iron concentration and, to further elucidate the relationship between nucleic acid oxidation and iron status, we performed a posthoc multivariable linear regression analysis of the nucleic acid oxidation variables on iron status markers. In our study the previously shown close positive association between ferritin and 8-oxodG/8-oxoGuo [29 -32] was confi rmed. In addition, a positive association between nucleic acid oxidation and iron was demonstrated and the expected inverse association between nucleic acid oxidation and soluble transferring receptor was shown, although this was only signifi cant for RNA-oxidation. These results indicate that nucleic acid oxidation is tightly linked to iron status, where storage iron, as refl ected by ferritin levels, seems to be of greatest importance. This also suggests that the possible confounding effect of iron status should be taken into account whenever possible, when conducting clinical studies on nucleic acid oxidation.
In conclusion, this study shows no association between low-grade infl ammation and urinary markers of nucleic acid oxidation in a population of elderly Italian people. The present fi ndings suggest that low-grade infl ammation only has a negligible impact on whole body nucleic acid oxidation and that at low-grade infl ammation other factors are more signifi cant determinants of nucleic acid oxidation, where iron status seems to be of great importance.
